Abstract. Studies on tumor-infiltrating lymphocytes (TILs) in epithelial ovarian cancer (EOC) have focused on the clinical significance of inflammatory cells of specific subtypes that are identifiable using immunohistochemistry.
Introduction
Ovarian cancer is one of the leading causes of death in women. In 2018 alone, 14,070 women have died from this disease in United States (1) . Although the standard treatment is cytoreductive surgery followed by chemotherapy, the mortality rate of ovarian cancer remains substantial and has not significantly improved. Thus, new treatments and methods of prognostic prediction need to be developed for women with ovarian cancer.
Recent studies have evaluated the importance of tumor-infiltrating lymphocytes (TILs) in various types of cancer, revealing that increased TIL levels are associated with better prognosis (2) (3) (4) (5) . Moreover, several studies have demonstrated that TILs are associated with the survival and prognosis of individuals with epithelial ovarian cancers (EOCs). Zhang et al found that a high counts of intratumoral CD3 + T cells were associated with higher progression-free and overall survival rates (6) . Sato et al reported that high counts of intraepithelial CD8 + T cells, but not CD3 + TILs, correlated with improved survival and prognosis (7) . Webb et al revealed that intraepithelial CD103 + TILs were strongly associated with patient survival, and affected the prognosis of high-grade ovarian serous carcinoma (HGSC) (8) . Even though all of these studies used biomarkers to identify the subtypes of inflammatory cells that affect survival and prognosis, the biomarkers that were used and the results that were reported have not been consistent.
The International TILs Working Group 2014 on breast cancer provided recommendations for the evaluation of Stromal tumor-infiltrating lymphocytes evaluated on H&E-stained slides are an independent prognostic factor in epithelial ovarian cancer and ovarian serous carcinoma
TILs on hematoxylin and eosin (H&E)-stained slides. TILs assessed using these breast cancer recommendations have been applied as predictors of response to adjuvant or neoadjuvant chemotherapy and prognosis (9, 10) . For ovarian cancers, TILs can also be assessed on H&E-stained slides according to the recommendations of the International TILs Working Group 2014. However, the clinical significance of these TIL assessments remains to be determined. To date, most studies of ovarian cancers have focused only on TILs of specific subtypes located in the intraepithelial area, as evaluated using immunohistochemistry. Only one study has evaluated general TILs on H&E-stained slides.
In the present study, we measured stromal TILs on H&E-stained slides using the recommendations of the International TILs Working Group 2014 on breast cancer. Moreover, we evaluated the associations of stromal TILs with the survival and prognosis of individuals with EOCs.
Materials and methods
Patients. In total, 270 patients with primary EOCs who underwent explorative laparotomy at the Department of Gynecology of Pusan National University Hospital (PNUH) from 1998 to 2013 were included in the study. All patients provided written informed consent and underwent surgical procedures. We excluded patients who were not diagnosed with serous, mucinous, endometriod, and clear cell carcinoma, and analyzed cases with available tissue slides from the cohort of all patients. As a result, 256 patients were included in the study. The biospecimens for this study were provided by the Biobank of PNUH, a member of the National Biobank of Korea, which is supported by the Ministry of Health, Welfare and Family Affairs. All samples derived from the National Biobank of Korea were obtained with institutional review board approval.
All cases were examined by direct microscopic observation of H&E-stained slides of formalin-fixed and paraffin-embedded surgical specimens. Tumor histology was identified according to the World Health Organization classification, and tumor stage was diagnosed based on the criteria of the International Federation of Gynecology and Obstetrics (FIGO). Other clinical data were obtained from the electronic medical records of PNUH. The mean age of patients was 53.5 years (range, 15-78 years). Clinicopathologic data, including tumor grade, mitosis, nuclear grade, tumor stage, histologic type, residual tumor, and chemotherapy response, are shown in detail in Table I . Tumor stage was reclassified as early stage for stage I and advanced stage for stages II, III, and IV. Overall survival was measured from diagnosis to death, and no patients were lost to follow-up.
Digital slides of high-grade ovarian serous carcinoma from
The Cancer Genome Atlas (TCGA) dataset. The digital slide images of HGSCs were downloaded from the TCGA data portal (http://tcga-data.nci.nih.gov/). All digital slides were prepared from frozen specimens, and the digital slides of 475 patients were evaluated.
Evaluation method for stromal TILs. The stromal TILs were evaluated according to the recommendations of International TILs Working Group 2014 (11) . The authors recommended that TILs should be reported for the stromal compartment, with percentages, and evaluated within the tumor border. TILs in the tumor area with crush artifact, necrosis, or hyalinization should be excluded. Polymorphonuclear leukocytes should also bel excluded. Although one section per patient is sufficient for evaluation according to the recommendations, we assessed all available slides. The recommendations provided the table with detailed guidelines for assessing TILs, representative H&E photographs, and illustrations for some TIL percentages, which were used to evaluate the stromal TILs (11) . Two pathologists evaluated stromal TILs together. If their evaluations had different results, the final stromal TIL value was determined through consensus. Stromal TIL percentages were evaluated under a microscope via eye measurement. After evaluating the percentages of stromal TILs on all of the available H&E-stained slides from the primary EOCs, the average stromal TIL percentage was calculated for each patient. This average stromal TIL percentage was used in the statistical analyses.
Statistical analysis. The χ 2 test was used to assess relationships between stromal TILs and clinicopathologic factors. The HPFs, high power fields (magnification, x400).
overall survival rates of the low and high stromal TIL groups were analyzed using Kaplan-Meier survival analysis, and the statistical significance of between-group differences was evaluated using the log-rank test. Univariate and multivariate Cox regression analyses were performed to identify the prognostic significance of stromal TILs.
Results

Results of stromal TIL evaluations in the PNUH cohort.
Among the patients who were evaluated, the number of H&E-stained slides ranged from 1 to 15, and the average number of slides per patient was 4.25. The patients were classified into the high stromal TIL group if their stromal TIL percentages was >10%. They were classified into the low stromal TIL group if their stromal TIL percentage was similar to or <10%. Representative cases of the low and high stromal TIL groups are shown in Fig. 1 . The overall mean stromal TIL percentage was 6.94%. As evaluated according to histologic type, the mean stromal TIL percentages for serous, mucinous, endometrioid, and clear cell carcinoma were 8.06, 2.98, 8.66, and 6.75%, respectively. Ovarian endometrioid carcinomas had the highest stromal TIL values, whereas ovarian mucinous carcinomas had the lowest values.
In total, 56 (22%) of the 256 patients were included in the high stromal TIL group. Thirty-three (23%) of the 145 patients with ovarian serous carcinomas were included in the high stromal TIL group. For the other histologic types of ovarian cancer, the percentages and counts of patients classified into the high stromal TIL group are presented in Table II .
To assess differences in stromal TILs across parts of the tumors, the standard deviations were calculated for each case and listed in the order of increasing means (Fig. 2) . The result showed that the standard deviation and mean of the stromal TIL percentages increased together.
Results of stromal TIL evaluations using the TCGA dataset.
The number of digital slides per patient ranged from 1 to 4, and the average number of digital slides per patient was 1.96. The patients were also classified into the high and low stromal TIL groups based on the same criteria that were applied for the Table II . Association between the stromal TIL group and clinicopathologic factors in all histologic types of epithelial ovarian cancer. PNUH cohort. In the TCGA dataset, the average percentage of stromal TILs was 11.49%, and 164 (35%) of 475 patients were included in the high stromal TIL group.
Associations between stromal TILs and clinicopathologic characteristics in the PNUH cohort and TCGA dataset. The chi-square test revealed that tumor grade, histologic type, nuclear grade, and mitosis were associated with stromal TILs (Table II) . Higher tumor grade, nuclear grade, and mitosis were each associated with higher frequencies of stromal TIL cases. Ovarian serous carcinoma is the most common type of EOC. Thus, it has been the focus of the present study. In serous carcinoma, stromal TILs were associated with tumor grade and mitosis. Higher tumor grade and mitosis were each associated with higher frequencies of stromal TIL cases (Table III) .
For high-grade serous ovarian cancer cases from the TCGA dataset, none of the investigated clinicopathologic factors (size of residual tumor, tumor stage, tumor grade primary therapy outcome, or platinum status) were associated with stromal TILs.
Survival analysis of the PNUH cohort. Kaplan-Meier survival analysis and the log-rank test revealed that the high stromal TIL group had a higher overall survival rate than the low stromal TIL group (P=0.001) (Fig. 3A) . We performed univariate and multivariate analyses of the pathologic prognostic factors, including tumor grade, tumor stage, residual tumor after surgery, and stromal TILs. Results showed that stromal TIL, tumor grade 3, and tumor stage were independent prognostic factors (Table IV) .
For patients with ovarian serous carcinoma, stromal TILs were significantly associated with the overall survival rate (P<0.001) (Fig. 3B ). Univariate and multivariate analyses showed that stromal TILs and tumor stage were independent prognostic factors (Table V) .
Stromal TIL was significantly associated with overall survival in individuals with ovarian mucinous carcinoma, according to Kaplan-Meier survival analysis and the log-rank test (P= 0.029). However, this result was not reliable because only one case was included in the high stromal TIL group. The associations between stromal TILs and the overall survival rates of individuals with endometrioid and clear cell carcinoma were not statistically significant (P= 0.241 and 0.317, respectively).
Survival analysis using the TCGA dataset. Kaplan-Meier survival analysis and the log-rank test revealed that the Table IV . Univariate and multivariate Cox regression analysis in all histologic types of epithelial ovarian cancer. high stromal TIL group had significantly better overall and disease-free survival rates than the low stromal TIL group (P=0.028 and 0.044, respectively) ( Fig. 3C and D, respectively) . We performed Cox regression analyses of the pathologic prognostic factors, including tumor stage, tumor grade, residual tumor, and stromal TILs. In the univariate analysis of the overall survival rate, stromal TILs, tumor stage, and residual tumor were considered as prognostic factors, and stromal TIL was a favorable prognostic factor (Table VI) . Tumor stage remained a prognostic factor in the multivariate Cox regression analysis of the overall survival rate. However, stromal TIL and residual tumor were not prognostic factors in the multivariate analysis.
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In the univariate and multivariate Cox regression analyses of the disease-free survival rate, stromal TIL was a statistically independent and favorable prognostic factor (Table VII) .
Discussion
Several previous studies have evaluated TILs on H&E-stained slides using a method suggested by the International TILs Working Group 2014 on breast, lung, stomach, and esophageal cancer. The results of these studies showed that stromal TILs were associated with survival rates and had prognostic effects (9, (12) (13) (14) (15) (16) (17) . The results were particular striking for breast cancer, stromal TIL was not only a prognostic factor, but also a predictor of responses to both adjuvant and neoadjuvant chemotherapy in certain types of breast cancer. For example, Loi et al reported that an increase in stromal TILs was associated with benefits of anthracycline-only chemotherapy in individuals with HER2-positive breast cancer (9) . Additionally, Herrero-Vicent et al demonstrated that the rate of pathologic complete remission of tumor and lymphadenopathy was higher in individuals with lymphocyte-predominant triple-negative breast cancer when neoadjuvant chemotherapy was performed before surgery (10) . Furthermore, it is known that stromal TIL is more stable and reproducible than intratumoral TIL in breast cancer (18) . These results suggested that TILs assessed on H&E-stained slides can be used as a predictor of prognosis or therapeutic response. The results also suggested that it would be worth investigating whether TILs assessed using H&E-stained slides were clinically significant in ovarian cancers.
Nevertheless, only one study of EOC has evaluated TILs with H&E-stained slides using the method suggested by an International TILs Working Group 2014 on breast cancer (19) . To date, most studies of EOC have instead evaluated TILs using immunostaining for immune-related biomarkers, such as CD3, CD8, or FoxP3 (7, 20, 21) . James et al (19) indicated that the findings of studies that used immunostaining differed in terms of immune-related biomarkers that affect prognosis. These results suggested that the evaluation of all types of inflammatory cells on H&E-stained slides would be more effective in confirming tumor immunity than in assessing TILs of a particular subtype. Therefore, we evaluated stromal TILs on H&E-stained slides using a method suggested by the International TIL Working Group 2014 on breast cancer and identified their clinical significance.
Based the standard deviations of stromal TILs that were observed in the present study, the evaluation of as many tumor slides as possible may help to improve the accuracy of stromal TIL measurements in cases of EOC. However, the International TIL Working Group 2014 recommendations showed that the evaluation of only one representative slide is sufficient. EOCs generally have ambiguous boundaries with normal tissue, and they are larger than breast cancers. In addition, more intratumoral changes, such as necrosis, are observed. Therefore, in EOCs, evaluating as many slides as possible may improve the accuracy of stromal TIL measurements.
Our study showed that stromal TIL was an independent prognostic factor for EOC overall (all histologic types) and for ovarian serous carcinoma, specifically. James et al (19) also evaluated TILs on H&E-stained slides and showed that stromal TILs were not an independent prognostic factor for EOCs, which is contrary to our results. Our study and the study of James et al both followed the standardized method described by Salgado et al (11) for breast cancer, and both studies assessed TILs via eye measurement. The proportion of cases with stromal TIL values above the cutoff value of 10% was approximately the same in both studies, which indicates that there is no difference in stromal TIL readings. In the previous study, James et al evaluated a large number of cases and performed survival analysis by dividing the cases into three groups according to TILs, and this is the only difference from the present study.
Although the cytotoxic T lymphocyte-mediated direct killing mechanism is an important part of T cell-mediated cancer regression, T cells exposed to tumor antigens must first migrate to the tumor site. To overcome the various mechanisms of immune invasion by cancer cells, it is necessary that as many T cells as possible accumulate at the tumor site (22) . Schietinger et al (23) showed that T cell-induced destruction of stromal components, including blood vessels, leads to cancer necrosis, and this phenomenon also occurs in individuals with antigen-negative cancer cell variants. These results suggest that the accumulation of TILs in the stroma without direct interaction with cancer cells is extremely important for cancer removal and that stromal TILs can influence the clinical outcomes.
In conclusion, we evaluated stromal TILs on H&E-stained slides using a method suggested by the International TILs Working Group 2014 on breast cancer. We found that this evaluation of stromal TILs could be useful for predicting the prognosis of patients with EOC, particularly those with serous ovarian cancers. More studies should be performed to evaluate the precise clinical significance of stromal TILs assessed on H&E-stained slides.
